The conductance measurement between a nanoporous membrane and the electrolyte solution inside a microchannel.
straight microchannel with the geometries of 15 m depth, 200 m width, and 15 mm length (SI Figure 1(a) ). The second one had a patterned nanoporous membrane at the bottom of the first device with ~1 m height of Nafion nanoporous membrane (SI Figure 1(b) ). The conductance of the second device would be the sum of microchannel and nanoporous membrane since the nanoporous membrane was paralleled with the microchannel.
The microchannel was filled and flushed with target concentration electrolytes for ~2.5 hours so that the impurities inside the microchannel to be eliminated and the nanoporous membrane to become equilibrium state. The voltage was stepped from -0.1 V to +0.1 V at the rate of 0.05 V / 60 s, where time current transients were saturated. The conductance of each devices with different electrolyte concentrations were determined by obtaining the fitting curve's slope (ionic current vs. The ionic conductance of the first device, which only had a microchannel part, was proportional to the bulk concentration (SI Figure 1(c) ), while the ionic conductance of the second device, which had a parallel connection of the microchannel and the nanoporous membrane, formed a plateau below a threshold concentration (SI Figure 1(d) ). The ionic conductance (G) was defined as
where F is the Faraday constant, A is the cross-sectional area, L is the length of the current path, i is the electrophoretic mobility of i-th charge carrier and Ni is the concentration of i-th charge where Am is the cross-sectional area of microchannel. On the other hand, the surface charge concentration of the nanoporous membrane was non-negligible compared with the bulk concentration due to the electrical double layer overlap so that the ionic conductance of the nanoporous membrane (Nafion) was
where An is the cross-sectional area and Nn is the surface charge concentration of the Nafion. Using the circuit theory, the ionic conductance in the case of SI Figure 1(b) was represented by
The appearance of plateau is attributed to electric double layer (EDL) overlap phenomenon which becomes severe as the bulk concentration decreases. Since the fixed amount of counter-ions existed inside the nanoporous membrane with the severe EDL overlap, the ionic conductance of the nanoporous membrane was independent from the bulk concentration 5 .
The ionic conductance of the nanoporous membrane and the electrolyte were separated from each another using the measured conductance of two devices. Then these data was recalculated for the device with protruded membrane since the device had different dimensions. The recalculated data was shown in Figure 1 
